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Research Objectives

Our primary objective in this research is to identify the mechanisms that can influence the
load transfer mechanisms in carbon nanotube based composites using molecular
dynamics simulations and develop a cohesive zone model to incorporate these atomic

scale effects into a continuum finite element based model.
Approach

Carbon nanotubes (CNT), due to their excellent mechanical properties are proposed as
next generation fibers for composite materials. In spite of the excellent mechanical
properties of CNTs, the properties of CNT based composites are not as high as expected.
Low interfacial strength could be a possible reason for this. We use combination of
molecular dynamics and cohesive zone modeling to develop a hierarchical model which
is employed for studying the interface effects.

Pullout test is typically used to characterize the interfacial behavior. It is extremely
difficult to conduct single fiber pullout tests on CNTs because of their nanometer size.
We have used molecular dynamics simulations of pullout tests using Tersoff-Brenner

potential to characterize the interfacial behavior.
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Specific approaches to the problem have been identified and preliminary results are
presented in the attached slides. They include:
e Atomic simulations of nanotube pullout tests.
¢ Characterizing the interface behavior variation with different factors such as
chemistry and temperature.
e (Characterizing the interface behavior when CNTs interact with matrix only
through Vanderwall’s interactions
¢ Defining stresses and strains in nanotubes and studying the effect of hybridization
and topological defects on CNTs. '
e Identify the possible micromechanisms which affect the composites such as CNT
* curvature and perform simulations to incorporate these effects
e Developing a cohesive zone model that incorporates the atomic scale effects

obtained from MD simulations

e Study of composite properties incorporate the effect of interfaces in the form of
cohesive zone model.

e Develop analytical model to incorporate CZM into shear lag model.

Cohesive zone models (CZMs) can accurately characterize the mechanics of the fracture
and failure process at the smallest scale. This research has established a link between
micomechanics of the failure process with various deformation mechanisms to the
macroscopically observed fracture. The method has been effectively to ductile, brittle

materials and interfaces thereof.
Significance -Air force value

We expect our theory and computations to provide an understanding of the influence of
the development and understanding of high strength light weight composite materials
reinforced with nanoscale materials. We intend to develop a computational code, based
on sound physics that is capable of describing the mechanical behavior of composites at

various length scales using both molecular dynamics and finite element method. We




expect our ideas to be applicable to a plethora of elastic and inelastic deformation
processes where micromechanics have a role to play. In addition, the multiscale model
provides a method to incorporate atomic scale effects into continuum formulations and

may be used for other generic applications of interest to army.

Accomplishments
As a part of the research effort we have
o Studied the tensile behavior of functionalized CNTs and determined that
mechanical properties are not significantly affected by functionalization
e Performed atomic simulations of CNT pullout test with interface represented as
hydrocarbon attachments. It is shown that such interfaces possess much higher
strength than interfaces based on vanderwalls interactions.
e Above results are compared with CNT pullout with CNTs interacting only
through vanderwalls interaction
e Developed cohesive zone model from atomic simulations
e FEM simulations using this atomically informed CZM
* Developed analytical model to incorporate imperfect interfaces into shear lag

model.
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